nerve sheath diameter (ONSD) can give a fair idea of raised ICP. [9, 10] The optic nerve is surrounded by a dural sheath and a subarachnoid space containing cerebrospinal fluid. About 3 mm behind the point of retina and optic nerve confluence, the optic nerve is only covered by fat and its sheath is quite distensible in case of raised ICP. Majority of articles on OSND as a marker of raised ICP are in the settings of neurocritical care such as stroke, CNS trauma, meningitis, and epilepsy. [11] [12] [13] [14] [15] [16] [17] [18] [19] Assuming OSND as a surrogate marker for raised ICP, its measurement could be used as guide for assessing the clinical severity as well as it can help in deciding the right anesthesia modality for emergency cesarean section in such severe PIH cases.
Methods
This prospective and clinically controlled blinded observational study was conducted after taking necessary permissions from the Institutional Ethical Committee and written informed consent from all participants. It was conducted from May 2016 to March 2017. Initially, a total 75 patients were enrolled for this study. Two study groups with 25 patients each for severe preeclampsia (Group II) and eclampsia (Group III) were compared with equal number of normal term pregnant (Group I) who were used as control. In eclampsia, only those patients with documented single episode of seizure were taken for the study. Out of them only 24 were able to complete the study phase. Patients were managed as per institutional treatment protocols.
Severe preeclampsia was defined as raised blood pressure (BP) >160/110 mmHg, proteinuria in excess of 5 g/day, oliguria (<500 mL/day), elevated serum creatinine, intrauterine growth retardation, pulmonary edema, central nervous system manifestations (headache, visual disturbances, seizures, and stroke), hepatic tenderness, or the HELLP syndrome.
Eclampsia was defined as single or more episodes of seizure in a known case of preeclampsia. Healthy term pregnant women who present for emergency cesarean section due to some or other obstetric indications were used as a control for comparing OSND between groups.
Exclusion criteria were moderate-to-severe renal, hepatic, cardiovascular, or endocrinal dysfunction, coagulopathy, uncooperative patient or altered sensorium, patient refusal, multiple episodes of fits, history of ocular trauma or surgery, and blurring of vision.
OSND measurement was conducted in two axes of transverse and oblique sagittal. Value reported corresponds to the mean of the above two values for each patient. All measurements were taken by a single investigator who was blinded to groups and had enough experience of doing ocular sonography. All other observations were recorded by another coworker and he was not aware of OSND values for that patient. High-frequency linear probe of 7-12 MHz was used (Micromaxx, Sonosite, USA) while all patients were there in supine position. Using two-dimensional mode, depth of the optic nerve was localized and was marked at 3 mm behind the retinal and optic nerve junction with the help of machine caliper. At this point, transverse diameter of optic nerve was calculated. Scanning begins from lateral side of eye in coronal section and then in oblique sagittal plane measuring OSND in both the axes. Minimal pressure was insured on the eyeball, and ample amount of sterile-conducting medium was used. Power optimization for scanning in such cases was followed. Measurement in a normal antenatal patient is shown in Figure 1 .
Data were analyzed using SPSS version 16.0 (IBM, USA). One-way ANOVA was used to compare the three groups, and for analyzing variables between two different groups, post hoc test (Tukey's test) was used. Data are presented as mean ± standard deviation (SD) until specified and P < 0.05 and 0.001 were taken as significant and highly significant, respectively.
results
Initially, 25 patients were enrolled in each group. As one patient in each Group II and Group III complained of severe epigastric pain and visual disturbances, respectively, just before induction, so these were excluded. Table 1 demonstrates the demographic profile of three groups. All the three groups were comparable in terms of age, body weight, gestation age, gestity, and the number of primigravida in each group. Although incidence of PIH is more commonly associated with primigravida, in our study, there was an insignificant difference between three groups.
Various relevant laboratory markers for severity of PIH were measured and compared for the groups. These are presented in Table 2 .
The mean hemoglobin and serum albumin levels were comparable between the groups, but there was a significant difference in mean levels of hepatic aminotransferase levels and platelet counts between groups. Aspartate transaminase and alanine transaminase levels were much higher in Group II and III as compared to Group I, while platelet levels were lower in study groups as compared to control group. None of the patients in all showed signs of HELLP syndrome.
Hemodynamic variables along with OSND were measured at preoperative phase. Trends measured and comparison done among groups is given in Table 3 . As obvious from table, while heart rate and respiratory rate were comparable, but there was a significant difference in systolic BP and diastolic BP (P < 0.001) as both were significantly higher in Group II and III. Among PIH groups (Group II and III), the difference was comparable. The ONSD values were comparable for study groups, but there was a highly significant difference (P < 0.001) when compared to control group of normal term antenatal. The mean OSND values for Group II and Group III were 5.6 and 5.8 mm, respectively, while it was 4.7 mm for Group I.
dIscussIon
Raised ICP could lead to disastrous complications and adverse outcomes. Invasive measurement by intraventricular or intraparenchymal leads is the gold standard and frequently used for point-of-care management in trauma patients. However, its applications may not be feasible in other complex scenarios such as severe PIH patients scheduled for emergency cesarean section.
A clinical sign of raised ICP is often quite late and unreliable. It may lead to an unwanted delay in treatment. Kimberly and Noble used magnetic resonance imaging (MRI) for detecting raised ICP using ONSD. [20] MRI use may be limited in emergency and other complex situations such as our study group patients. Increase in cerebral edema is considered to be the main factor which results in further deterioration of severe preeclampsia patients to eclampsia. Researchers like Zeeman et al. showed cerebral edema to be present in the majority of such patients. [21] In two of our patients of eclampsia group, there was only a borderline increase in their BP (raised BP is otherwise considered as a hallmark of PIH). This further signifies the role of ultrasound-guided ONSD values for their diagnosis and management along with other severity markers. There is a wide variation reported when it comes to determining the optimal cutoff values. Rajajee et al. [22] and Amini et al. [23] use invasive techniques to know cutoff value and values ranged from 4.8 to 5.9 mm. Values ≥5.8 mm have been associated with ICP levels above 20 mmHg. Most of the articles about OSND as a surrogate marker for raised ICP came from studies done on trauma victims in Intensive Care Unit (Geeraerts et al.) . [9, 11, 17] There seem to be considerable variations on the cutoff values for OSND for raised ICP. In our study, the mean ONSD in control group was 4.36 (0.47 SD) mm, which was quite different from Group II and Group III. OSND values were significantly higher as they were 5.67 mm and 5.74 mm in Group II and Group III, respectively [ Figures 2 and 3 ]. Similar significant difference was reported in a study conducted by Dubost et al. [24] They compared preeclampsia to normal term antenatal cases, and they found a significant difference between these two groups (5.4 mm vs. 4.5 mm). From our small study, although we could not suggest a definite cutoff valve for OSND at what value the severe preeclampsia patient will further deteriorate to eclampsia, but our study suggests that such a tipping-off value for OSND could be close to 5.7 mm (as it lies in middle for mean values found in both severe PIH groups). In our study, 11 (44%) in Group II and 16 (66%) in Group III had ONSD values ≥ 5.7 mm. Hence, these 11 patients in severe preeclampsia group seem to be at greater risk for further deteriorating into eclampsia and need immediate emergency management. Analysis of a big cohort is warranted to get a more acceptable cut-off value. Although we have not reported the serum magnesium levels in Group III, its correlation with OSND is desirable as it can be used to trace and correlate well with the clinical status of the patients. It is also further warranted to conduct larger studies to explore whether subarachnoid block should be avoided in patients with significantly higher OSND values (indicating raised ICP) given the risk of brainstem herniation. [25] conclusIons The measurement of OSND by ultrasonography provides a quick, noninvasive, and accessible potential tool to evaluate severe PIH patients. This modality can be used in managing such patients who are at risk of severe neurological outcomes of eclampsia. At the same time, it should be emphasized that transorbital OSND should be a part of holistic approach for the management of such patients and not as a sole-driving factor for decision-making for a better outcome.
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